Keywords : buffer layer, misfit dislocation, resonant tunneling diode, RTD, triple-layer buffer, quadruple-layer buffer Si/Si1-xGex resonant tunneling diodes (RTD) have been intensively studied as one of next-generation quantum effect devices formed with Si-system materials. Previously, we have applied a combination of electron tunneling and multiple wells using a type II band offset structure, and have reported a high peak-to-valley current ratio (PVCR) of ~8 at room temperature. In the practical level, PVCR values of > ~10 and current densities of > ~10 kAcm -2 are required for the high frequency oreration.
Si/Si1-xGex resonant tunneling diodes (RTD) have been intensively studied as one of next-generation quantum effect devices formed with Si-system materials. Previously, we have applied a combination of electron tunneling and multiple wells using a type II band offset structure, and have reported a high peak-to-valley current ratio (PVCR) of ~8 at room temperature. In the practical level, PVCR values of > ~10 and current densities of > ~10 kAcm -2 are required for the high frequency oreration.
To obtain type II band offset structure, a structure of strained Si / unstrained SiGe is required on a Si substrate. Previously, we have proposed a triple-layer buffer shown in Fig. 1 . We have also experimentally cleared the relaxation mechanisms which are also illustrated in Fig. 1 . In the triple-layer buffer formation process, the 1st and 2nd layers are grown coherently. When the 3rd layer is grown, the lattice mismatch of the lower interface between the 2nd layer and the substrate become larger than that of the upper interface between the 2nd and the 3rd layer. Therefore, most misfit dislocations are generated in the lower interface and the 3rd layer relaxes the lower layer and prevents threading dislocations from propagating to the buffer top surface. Thus, we show that our triple layer buffer is effective to form a relaxed buffer with high crystalline surface.
However, when we carry out high P doping during the buffer and emitter region growth for a vertical-type RTD to increase the current density, the buffer surface crystallinity is degraded because the crystallization is affected by the potential fluctuation induced by P dopants and the threading dislocations are easily generated.
To solve this problem, we have proposed a quadruple-layer buffer where misfit dislocations are distributed in the lower two interfaces and a higher crystalline buffer surface is obtained. With this buffer, we have successfully fabricated a high current density and high PVCR RTD. In this paper, we report the growth mechanisms of the quadruple-layer buffer and the results of application of this buffer to a conventional vertical-type RTD.
In the quadruple-layer buffer design, we grow the 1st Si 0.88 Ge 0.12 layer and the 2nd Si 0.82 Ge 0.18 layer, the total thickness of which is under the critical thickness, coherently on Si(001).
When the 3rd Si 0.75 Ge 0.25 layer and the 4th Si 0.70 Ge 0.30 layer are grown, the buffer relaxes, however, the threading dislocations do not increase. The lattice mismatches of the lower two interfaces become large as illustrated in Fig. 2 . Since the threading dislocations do not increase, the top two layers function to drive generation of misfit dislocations in the lower two interfaces and prevent the threading dislocations from propagating to the buffer top surface. The misfit dislocations are distributed in multiple (two) interfaces and the generation of threading dislocations in the two top layers is effectively restrained. Then, the higher surface crystallinity is also obtained even under high P doping during the buffer growth.
In Fog. 3, typical I-V characteristics are compared between RTDs fabricated using a triple-layer buffer and a quadruple-layer buffer, and between RTDs fabricated with a P-doped quadruple-layer buffer and a nondoped quadruple-layer buffer. With the P-doped quadruple-layer buffer, the buffer surface crystallinity increased and a high current density of 3.4 kAcm -2 and a high current PVCR of ~88 were simultaneously obtained. We have proposed a strain-relaxed quadruple-layer buffer on the basis of our previously proposed thin doubleand triple-layer formation mechanisms. With the quadruple-layer buffer, we have demonstrated that misfit dislocations are mainly generated and distributed in the two lower interfaces and the third and fourth layers drive the dislocation generation and prevent the dislocations from propagating to the surface. A resonant tunneling diode fabricated with the quadruple-layer buffer exhibits both a high current density and a high peak-to-valley current ratio.
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